for the Dutch Pancreatic Cancer Group (2018) Association of the location of pancreatic ductal adenocarcinoma (head, body, tail) with tumor stage, treatment, and survival: a population-based analysis, ABSTRACT Background: The association between pancreatic ductal adenocarcinoma (PDAC) location (head, body, tail) and tumor stage, treatment and overall survival (OS) is unclear. Methods: Patients with PDAC diagnosed between 2005 and 2015 were included from the populationbased Netherlands Cancer Registry. Patient, tumor and treatment characteristics were compared with the tumor locations. Multivariable logistic and Cox regression analyses were used.
Background
Patients with pancreatic ductal adenocarcinoma (PDAC) have a median overall survival of only 4-6 months [1] and a 5year overall survival of 7% [2] . Only 20% of the patients are amenable to resection. Following resection, the median overall survival is 17-21 months and the 5-year overall survival is 16-19% [3] [4] [5] . When resection can be combined with adjuvant chemotherapy, median overall survival increases from 7 months to 26-28 months [6] . Survival with PDAC is associated with different factors, such as tumor biology, stage and possible treatment. One of the issues that is still debated is the association of the primary tumor location with survival.
Data from the Surveillance, Epidemiology and End Results (SEER) database showed that patients with PDAC in the pancreatic head have higher 3-year relative survival rates than patients with a PDAC in the pancreatic body or tail in case of regional (7.6% versus 6.7%) or distant disease (1.8% versus 1.4%). For local disease, results were reversed (9.0% versus 20%) [7] . Another US study investigating the disease-specific survival by tumor location, reported higher survival rates for PDAC in the tail than for PDAC in the head for all the stages, while survival for PDAC in the body was higher than for PDAC in the head in stage I, but lower in stages II-IV [8] . A study including patients from a single institution in the US who underwent resection for PDAC in the period of 1994-2014, reported similar oncological outcomes between the tumor locations [5] . However, two of the three studies did not have recent study periods (1973-2002 and 1985-1995) .
Due to the lack of early symptoms due to biliary obstruction, PDAC in the body or tail are usually more advanced and are larger at diagnosis than PDAC in the head [5, 9] . This may be the sole explanation for a worse survival in PDAC in the body or tail. However, a recent clinicopathological study from Glasgow reported that PDAC of the body and tail may have a more aggressive tumor biology compared to PDAC of the head. PDAC of the body and tail was associated with the PDAC squamous subtype and enriched for gene programmes associated with inflammation, epithelial-to-mesenchymal transition and potential immune avoidance mechanisms, which may also explain worse outcomes in these patients [10] .
The aim of this study is, therefore, to investigate tumor, patient and treatment characteristics and outcomes of PDAC in the head, body and tail of all stages in the Netherlands.
Methods

Data collection
This is a retrospective study using data from the nationwide Netherlands Cancer Registry. The Netherlands Cancer Registry is a population-based registry which collects data on all newly diagnosed cancer patients in the Netherlands. Information on patient and tumor characteristics, diagnosis and treatment is routinely extracted from the medical records by trained administrators of the Netherlands Cancer Registry. Anatomical site of the tumor is registered according to the International Classification of Disease -Oncology (ICD-O). The TNM (tumor-node-metastasis) classification is used for stage notification of the primary tumor, according to the edition valid at the time of cancer diagnosis. In case of resection, margin status was classified as microscopically radical resection (>1 mm; R0), microscopically irradical resection ( 1 mm; R1), and macroscopic irradical resection (R2). Survival data is obtained by annual linkage with the Municipal Personal Records Database, which contains information on the vital status of all Dutch inhabitants, and is completed until 1 February 2017.
Study population
For the present study, all the patients with pancreatic ductal adenocarcinoma (PDAC) or suspected PDAC (ICD-O C25, morphology codes 8010, 8012, 8020, 8140, 8141, 8260, 8310, 8440, 8480, 8481, 8490, 8500, and 8560, or a non-microscopic verified invasive neoplasm of the pancreas suspected for adenocarcinoma (i.e., no cytological or histological verification) diagnosed between 2005 and 2015 were selected. Patients younger than 18 years at diagnosis or residing abroad and patients diagnosed at autopsy were excluded. Tumor stage was based on pathological TNM stage (for patients who underwent resection) supplemented by clinical TNM stage if no pathological TNM stage was available (for patients without resection; 2005-2009 TNM-6, 2010-2015 TNM-7). Until 2011, a summary stage was recorded for nonverified cancers. Therefore, tumor stage of all patients was categorized as: locoregional (tumor confined to the pancreas or extended to surrounding organs, tissues or regional lymph nodes), distant metastases (tumor spread to distant lymph nodes or organs) and unknown. Patients with distant metastases who underwent resection were excluded. Patients were also classified according to tumor location: head (C25.0), body (C25.1), tail (C25.2) and other (C25. [3] [4] [5] [6] [7] [8] [9] . The latter group was excluded. For treatment and survival analysis, patients who underwent resection, patients without resection and without distant metastases, and patients with distant metastases were analyzed separately.
Treatment and outcome measures
Primary outcome of the study was overall survival by tumor location in relation to resection. For patients undergoing resection, secondary outcomes included histopathological margin status, !10 examined lymph nodes, number of positive lymph nodes, and 30-and 90-day mortality. Type of resection and the proportions of preoperative and adjuvant chemotherapy were also investigated. For patients without resection, the proportion of patients undergoing chemotherapy was defined.
Statistical analyses
Descriptive statistics were used to compare patient, tumor and treatment characteristics for all patients and for patients who underwent resection. Characteristics included gender, age, tumor stage, microscopic verification and tumor size (the latter only available in 2015). Included treatments were resection (mainly pancreatoduodenectomy and distal pancreatectomy), preoperative, adjuvant and palliative chemotherapy. Multivariable logistic regression analyses, presented as odds ratios with 95% confidence intervals, were used to determine the independent association of tumor location with the likelihood of receiving resection (in all patients) and chemotherapy (in patients who underwent resection, patients without resection and without distant metastases, and patients with distant metastases separately). Differences in 2-year overall survival according to tumor location were analyzed by means of Kaplan-Meier curves and compared with Log-Rank tests. Multivariable Cox regression analyses were used to determine the independent association of tumor location with long-term survival and the results presented as hazard ratios with 95% confidence intervals. Survival time was defined as the time between the date of diagnosis (for patients without resection) or date of resection (for patients who underwent resection) and date of death or censoring (1 February 2017). The variables that were included in the multivariable analyses (as applicable) were gender, age (categorized as <65, 65-74 and !75 years), period of diagnosis (categorized as 2005-2008, 2009-2012 and 2013-2015), tumor stage, resection and preoperative, adjuvant and palliative chemotherapy. To investigate whether the effect of tumor location on survival differed according to the stage, an interaction term was included in the model with all patients.
p Values below .05 were considered to be statistically significant. SAS/STAT V R statistical software (SAS system 9.4, SAS Institute, Cary, NY) was used for all the analyses.
Results
Study population
The final study population consisted of 19,023 patients with (suspected) PDAC: 13,451 patients (71%) with PDAC in the pancreatic head, 2429 patients (13%) in the body and 3143 patients (16%) in the tail (Figure 1) . Table 1 provides an overview of the patient, tumor and treatment characteristics of the study population by tumor location. Large differences were especially found for tumor stage (i.e., proportion metastatic disease in head 42%, body 69%, tail 84%, p < .0001), for tumor size (i.e., proportion tumor size >4 cm in head 21%, body 40%, tail 51%, p < .0001) and for microscopic verification (head 63%, body 70%, tail 75%, p < .0001).
For all the patients groups, chemotherapy rates were low ( Table 2) . Patients who received chemotherapy were younger than patients who did not receive chemotherapy, yet gender, tumor location and tumor size were similar in the three groups. Clinical characteristics of the patients with and without chemotherapy are provided in Supplementary Table S1 . Overall, patients who received palliative chemotherapy had significantly better survival compared to patients without chemotherapy (median overall survival in patients without resection, no metastases with or without chemotherapy: 10.4 versus 4.3 months, and similarly, in patients without resection, but with metastases: 5.8 versus 1.6 months, respectively, both p < .0001, Supplementary Figure S1 ). Patients with a PDAC in the head more often underwent resection than patients with a PDAC in the body or tail (17% versus 4% versus 7%, respectively, p < .0001). After adjustment for gender, age, period of diagnosis, and tumor stage, patients with a PDAC in the body were still less likely to undergo a resection, as compared to the patients with a PDAC in the head (adjusted odds ratio (OR) 0.29, 95% CI 0.24-0.37), while patients with a PDAC in the tail were more likely to undergo a resection (adjusted OR tail versus head 1.46, 95% CI 1.19-1. 78) ( Table 2) .
For all stages combined, median overall survival was 4.5 months for PDAC in the head, 3.3 months for body and 2.2 months for tail ( Figure 2(A) ). The interaction test between tumor location and stage was significant (p < .0001), indicating that the association between tumor location and overall survival differed according to stage. For tail versus head, survival was better in locoregional disease (HR 0.84, 95% CI 0.76-0.93) but worse in metastatic disease (HR 1.20, 95% CI 1.15-1.26). For body versus head, survival was worse in locoregional disease (HR 1.15, 95% CI 1.06-1.24) but similar in metastatic disease (HR 1.02, 95% CI 0.97-1.08). 
Patients who underwent resection
Some 2621 patients underwent resection, additional characteristics of these patients per tumor location are presented in tumor location head, body and tail (Figure 2(B) ). Two-year overall survival for head, body and tail were 36.2%, 36.9% and 37.9% respectively, while 5-year overall survival was 14.1%, 6.9% and 20.4% respectively. Also in multivariable analysis adjusting for patient, tumor and treatment characteristics, survival was similar for all tumor locations (Table 4 ).
Patients without resection and without metastases
The study population comprised 5712 patients without resection and without metastases. Of these patients, the proportion treated with chemotherapy was 15%, 30% and 20% for the patients with a PDAC in the head, body or tail, respectively. In unadjusted analyses, the odds of receiving chemotherapy were higher for both tumor locations body and tail compared to tumor location head. However, after adjustment for patient and tumor characteristics, only patients with a PDAC in the body were more likely to receive chemotherapy compared to patients with a PDAC in the head (adjusted OR 2.03, 95% CI 1.64-2.51) ( Table 2) . Median overall survival in this subgroup was 5.2 months for head, 6.1 months for body and 4.6 months for tail (Figure 2(C) ). In unadjusted analysis, survival was better for patients with a PDAC in the body than for patients with a PDAC in the head. However, in multivariable analysis, survival was similar ( Table 4 ).
Patients with distant metastases
There were 9,952 patients with distant metastases included in the study. The proportions of patients treated with chemotherapy by tumor location were: 22% for head, 30% for body and 28% for tail. Both in univariable and multivariable analyses, the odds of receiving chemotherapy was higher for patients with a PDAC in the body (adjusted OR 1.46, 95% CI 1.28-1.66) and for patients with a PDAC in the tail (adjusted OR 1.24, 95% CI 1.11-1.39) compared to patients with a PDAC in the head ( Table 2) . Median overall survival was 2.6 months for PDAC in the head, 2.4 months for PDAC in the body and 1.9 months for PDAC in the tail (Figure 2(D) ). Survival was worse for patients with a PDAC in the body and tail compared to patients with a PDAC in the head (body: adjusted HR 1.17, 95% CI 1.10-1.23; and tail: adjusted HR 1.35, 95% CI 1.29-1.41) ( Table 4 ).
Discussion
This first population-based analysis focusing on the association between PDAC location and tumor stage, treatment, and survival found that PDAC locations in the pancreatic body or tail are larger, more often metastasized and less often resectable than PDAC in the pancreatic head. Only in the patients with metastasized disease, overall survival of patients with a PDAC in the body or tail was significantly worse than of patients with a PDAC in the head. This is the first study in which tumor, treatment and survival of PDAC in head, body and tail are investigated separately. Our findings are in line with previous studies [5, 7, 8, 11] . One study describes similar resection rates for body and tail PDAC compared to head PDAC [11] . In contrast, in our study, patients with a PDAC in the body were less likely to undergo resection and patients with a PDAC in the tail are more likely to undergo resection than patients with a PDAC in the head. Because PDAC locations in the body are in close relation to the celiac trunk and major vascular structures (e.g., superior mesenteric artery, portomesenteric vein), these tumors are more often considered unresectable. In contrast, a non-metastasized PDAC in the tail with ingrowth in nearby, less vital, structures (e.g., stomach, spleen, adrenal gland) could more often undergo resection than a PDAC in the head. In some patients with PDAC in the head, malignant biliary obstruction and complications after preoperative biliary drainage, lead to delay or even omission of surgery [12, 13] . As this is not the case for patients with a PDAC in the tail, this could also partially explain the higher likelihood of resection for tail versus head.
Patients with PDAC in the body who did not undergo resection and had no distant metastases were more often treated with chemotherapy than patients with a location in the head, which could indicate the primary effort to preoperatively reduce these tumors that are more challenging to resect. This is in line with the higher proportion of patients with a resected PDAC in the body receiving preoperative chemotherapy compared with head or tail. In the Netherlands, neoadjuvant chemo(radio)therapy was mostly used in the context of the PREOPANC trial [14] since 2013 for (borderline) resectable PDAC and in the PELICAN trial (NTR5517) for irresectable PDAC since 2014.
Although palliative chemotherapy is advised in the Dutch guideline for pancreatic cancer [15] , the proportion of patients with metastases receiving chemotherapy was low in this study (22-30%) . Previously reported rates of palliative chemotherapy are inconsistent and range from 17% to 54% [16] [17] [18] [19] [20] . If patients are fit, palliative chemotherapy should be considered as our data in accordance with previous literature show this can improve survival significantly [21, 22] .
Overall, the initiation rate of the adjuvant chemotherapy was low during our study period (48-51%). While this treatment strategy is widely accepted as standard of care, low initiations rates have also been described in the literature, ranging from 51% to 68% in various studies [23] [24] [25] [26] . This finding may be attributed to several factors. First, in the Netherlands, adjuvant chemotherapy rates ranged from 26% to 74% between 19 pancreatic surgery centers [27] . We expect this difference to be even larger in non-expert/referral centers. Perhaps clinicians interpret the guideline differently and therefore advice on adjuvant treatment may differ. Many patients receive adjuvant chemotherapy in smaller referral centers closer to their home. It was previously shown that high center volume for metastatic pancreatic cancer was associated with more receipt of palliative chemotherapy [16] , and this association could also exist for adjuvant treatment. Second, pancreatic surgery has a high complication rate. It is known that a substantial proportion of patients recover too late for the start of adjuvant therapy. Third, patients may choose to not undergo treatment with chemotherapy as they may believe that it will decrease quality of life.
Survival differences between the different tumor locations varied per disease stage. In our study, patients without metastases had similar overall survival for the three locations. This is in contrast with the literature, as better survival is described for head, body and tail PDAC of local/regional disease stage in various studies [7, 8] . In our study, patients with metastases from head PDAC showed significantly better overall survival than patients with body or tail PDAC, while previous studies found this for metastasized head as well as metastasized tail PDAC [7, 8] . We found a 5-year overall survival after pancreatic resection of 20% for tail, 14% for head, yet 7% for body. This is in line with better 3-year relative survival for body/tail cancers as described previously (20% body/tail versus 9% head) [7] . It is unclear from that study whether patients with overlapping locations were included and whether pathological or clinical stage was used for the selection of patients [7] . Besides, both studies included earlier time periods in which other TNM editions were used [7, 8] . A clear explanation for the lower 5-year overall survival for PDAC in the body was not found. Resection margin and chemotherapy rates were similar to the other tumor locations, and the proportion of patients without positive lymph nodes was even significantly higher than in patients with a PDAC in the head (41% versus 29%, p < .001). Potentially, patients with a PDAC in the body more often have vascular involvement due to the nearby celiac trunk, as compared to other tumor locations, which may lead to worse long-term outcomes. Considering the outcome variations between body and tail, the two locations should be assessed separately in future studies.
It is known that PDAC in the body or tail are often diagnosed later due to the lack of specific clinical symptoms, which leads to detection bias and possibly explains survival differences according to the tumor location. On the other hand, Dreyer et al. recently showed that PDAC in the body and tail may have more aggressive tumor biology compared to PDAC in the head which may explain worse clinical outcomes [10] . Within the group with distant metastases, both a delayed diagnosis and aggressive tumor biology could contribute to the survival difference.
There are several limitations to this study. Firstly, in the Netherlands Cancer Registry, no comorbidity, postoperative morbidity data and cause of death are available. In addition, type of chemotherapy was only registered since 2015 and could therefore not be analyzed in this study. Secondly, a recent study suggested that the Netherlands Cancer Registry underestimates pancreatic cancer incidence of elderly patients, leading to a small overestimation of survival in this study [28] . Thirdly, patients with registered tumor location 'other' were excluded (14%). In this group, tumor locations were partly overlapping (e.g., head/body or body/tail) or 'not otherwise specified' and could therefore not be assigned to the groups of this study. It is possible that some of the overlapping tumors are larger than tumors confined to either head, body or tail, possibly with worse outcomes. As a result, survival in this study could be slightly overestimated.
However, the strength of these Netherlands Cancer Registry data is that it is population based. A large nationwide cohort of patients with PDAC in the Netherlands represents daily clinical practice.
In conclusion, PDAC locations in the pancreatic body or tail are larger, more often metastasized and less often resectable than PDAC in the pancreatic head. Only in patients with metastatic disease, overall survival of patients with a PDAC in the body or tail was significantly worse than of patients with a PDAC in the head.
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